Objectives: This study was designed to estimate the improved accuracy of prostate cancer (PCa) detection resulting from additional midline biopsies of the peripheral zone in first standard biopsy. Patients and Methods: Patients were classified into 3 groups: 402 cases of sextant biopsies (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002), 488 cases of 8-core biopsies with 2 additional midline biopsies (2003)(2004)(2005)(2006), and 391 cases of 10-core biopsies with 4 additional midline biopsies (2007)(2008)(2009)(2010)(2011)(2012). The positive rate of each number of biopsies and changes in positive rates associated with prostate specific antigen (PSA) ranges were estimated. Results: The positive rate of core biopsy significantly improved with increasing numbers of core biopsies (30.1% for sextant, 43.4% for 8-core biopsies, and 53.1% for 10-core biopsies). The accuracy of biopsies for each PSA range also significantly improved (22.3% for sextant, 30.0% for 8-core biopsies, and 43.2% for 10-core biopsies in the PSA gray zone [4.01-10 ng/ml]; and 26.5% for sextant, 52.9% for 8-core biopsies, and 71.8% for 10-core biopsies in the intermediate PSA range [10.1-20 ng/ml]). In the 208 cases with positive results using the 10-core biopsy method, the distribution of Gleason scores did not differ between the sextant Norihito Soga Department of Urology, Aichi Cancer Center Hospital 1-1 Kanokodenn, Chikusa-ku JP-4648681, Nagoya (Japan) E-Mail n-soga@aichi-cc.jp only group and the midline site only group. Conclusions: Additional midline biopsy was associated with improved accuracy of positive core biopsies in Japanese patients with a PSA range of 4.01-20 ng/ml.
Introduction
Random, systematic, ultrasound guided transrectal 6-core biopsies of the prostate to detect the prostate cancer (PCa) has been the standard biopsy method for several decades [1] . However, an optimal method using additional biopsies has been recently discussed, particularly with respect to their association with elevated prostate specific antigen (PSA) levels and positive digital examination, and the majority of methods proposed focus on the benefit of additional lateral biopsy, as a 19-24% improvement of detection rates was reported in several studies [2] [3] [4] . In Western countries, the midline portion of the biopsy contributes no additional advantage with respect to cancer detection, but systematic 12-cores biopsies, including laterally directed cores to the standard sextant schema, is strongly recommended [5, 6] . Although this protocol was established using Western populations [7] , it is unknown whether these recommendations can be adapted to Asian populations, and in Japanese people in particular. Furthermore, adapting these protocols for our specific community, despite the similarities in prostate cancer irrespective of the patient's location of origin, may not be appropriate because of possible differences in cancer position depending on ethnicity.
Thus, the initial optimal methods for endorectal prostate biopsy, including core numbers and locations, are uncertain for each ethnicity, and the optimal biopsy method for each specific community require estimation.
This study was designed to estimate the improved accuracy of PCa detection resulting from additional midline biopsies of the peripheral zone over the first standard endorectal sextant pattern in Japanese patients.
Patients and Methods
Between February 1995 and December 2012, a total of 1,281 patients underwent first endorectal core biopsies due to a suspicion of PCa as a result of elevated serum prostate specific antigen (PSA) above the normal range (> 4.0 ng/ml before biopsy), and were recruited in this retrospect study. This study was approved by our institutional review board and full written informed consent was obtained from all patients.
To elucidate the improvement in detection rate induced by additional midline biopsies, the number of biopsies was increased longitudinally. Patients were classified into 3 groups: 402 cases of sextant biopsies (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) , 488 cases of 8-core biopsies with 2 additional biopsies, consisting of the bilateral midline on mid part (2003) (2004) (2005) (2006) , and 391 cases of 10-core biopsies with 4 additional midline biopsies, consisting of bilateral midline at the mid and apex (2007-2012; fig. 1 ). The prostate volume was calculated based on endorectal ultrasound image before the procedure and an 18 G spring-loaded needle biopsy was used for examination. Prostate specific antigen density (PSAD) was estimated using PSA divided by prostate volume (ml). The biopsy order was performed as follows: the first positions were base, mid, and apex of the right side, the second sites were additional right midline side (mid or mid with apex), the third points were the base, mid, and apex of the left side, and the fourth sites were the additional left midline side (mid or mid with apex). Each biopsy core was separated in the individual container and evaluated.
Variations in Gleason scores (GS) were estimated and reviewed by a single central pathologist. PSA was estimated at the first visit to our institution. The positive rate of each number of biopsies and changes in positive rates associated with PSA ranges were estimated. In addition, GS distribution of positive cases in 10-core biopsy cases, classified by the location of the positive site (sextant only, midline site only, and both sites), were compared.
The Chi-squared and un-paired t-tests were used to compare categorical variables. Differences with p-values < 0.05 were con- 
Results
Baseline characteristics of all cases are shown in table 1. There were no significant differences in the ages or PSA distributions between groups. Even though slightly larger prostate volumes in the 8-cores group and slightly lower serum PSA levels in the 10-cores group were estimated, PSAD significantly decreased longitudinally. The positive rate of core biopsy was significantly improved and was associated with an increased number of cores: 30.1% for sextant, 43.4% for 8-core biopsies (p < 0.001), and 53.1% for 10-core biopsies (p < 0.001). Further, in comparing 8-core biopsies and 10-core biopsies, 10 biopsies significantly improved cancer detection, even though longitudinal decline of PSAD was demonstrated. (> 20 .01 ng/ml), yielding positive rates of 72.6% for sextant, 83.5% for 8-core biopsies, and 85.0% for 10-core biopsies.
Again comparing 8-and 10-core biopsies, 10-core biopsies significantly improved cancer detection in the PSA gray zone (4.01-10 ng/ml; p < 0 .001) and in the intermediate PSA range (10.1-20 ng/ml; p < 0.05).
With respect to the greatest improvement in positive rate, 8-core biopsies (52.9%) reached twice the positive rate of sextant biopsies (26.5%) in the PSA range 10.1-20 ng/ml (table 2).
In the 208 cases with positive results using the 10-core biopsy method, cases were divided into 3 groups based on the positive location, resulting in 129 cases (62.0%) for both sites, 47 cases (22.6%) for sextant only, and 32 cases (15.4%) for midline site only. A significantly higher GS was observed in the group with bilateral positive sites (bilateral versus sextant, p < 0.05; bilateral versus midline side, p < 0.001). GS distribution was not different between the sextant only group and the midline site only group. The relevance of low GS cancer (GS = 6) was not significantly different between the sextant only group (51.0%) and the midline only group (65.6%; table 3). Prostate volume (ml) mean ± SD (range) PSA (ng/ml) mean ± SD (range) PSAD (ng/ml/ml) mean ± SD (range) PSA ( 
Discussion
The optimal initial method of prostate biopsy, consisting of the number of cores and location, has been recently estimated. According to a review article, 10-to 12-core extended biopsies increases cancer detection compared with the sextant method, and apical and laterally extended sampling of the peripheral zone is recommended [6] . On the contrary, adding a biopsy of the midline part does not improve cancer yield [5] . Furthermore, routine midline peripheral zone biopsy was not recommended due to the lack of enhancement of detection in the first biopsy [8] , and, instead, the far lateral peripheral zone should be biopsied. However, these reports were derived from a Western population, and thus the evaluation of the benefit of midline biopsies in Asian populations is uncertain.
According to our data, additional midline first peripheral zone biopsy drastically improved the accuracy of cancer detection in our Japanese population.
With respect to the discrepancy of the benefit of additional midline side biopsies, there is a possibility that ethnic background may influence the distribution of prostate cancer.
In fact, even though prostate biopsy strategies in the West are supported by mapping of prostatectomy specimens [7, 9], we do not know much about the difference of anatomical prostate cancer location in men from Western areas and those from Asian areas. According to radiological evaluation of Asian prostates, even though the majority of higher GS and larger tumors with marked enhancement exist in the lateral peripheral zone, the midline of the peripheral zone with lower peak intensity should be treated as suspicious [10] , which supports the benefit of a midline biopsy.
Since there is insufficient evidence regarding differences in cancer location based on ethnic background, individual community and ethnic background based studies are indispensable for determining the optimal biopsy method.
In general, the anterior horn was the most frequent positive biopsy site followed by the transition zone and midline [11] . Other studies also report the utility of anterior apex apical core biopsies [12, 13] . In accordance with the aforementioned report, our data also suggest that 10-core biopsies, consisting of the additional apical side with the sextant, resulted in the highest identification of cancer. Since the midline side of the apex biopsy may provide a specimen similar to the anterior apex apical core biopsy, anterior apex apical core biopsies are likely useful for Japanese patients.
Conversely, 8 biopsies consisting of the additional midline of the mid side with the sextant provided a significant improvement in cancer detection, which was not in accordance with a previous report [11] . Thus, in Japanese cases, not only biopsies consisting of the apical midline peripheral zone, but also the additional midline of the mid peripheral zone, could possibly improve the accuracy of detection. To clarify the surprising increased efficacy with the extended midline biopsy, 8-core biopsies consisting of the sextant with the midline at the mid or apical side of the extended biopsy should be compared prospectively in the future.
Previous research has shown that with high PSA (> 20 ng/ml), an increasing number of core biopsies does not increase the percentage of positive cases [14] . In accordance with this report, our study suggested that 10 biopsies provided a significant improvement in cancer detection in the intermediate PSA range (10.1-20 ng/ml), but not in the high PSA range (> 20.01ng/ml). Based on this result, since increased biopsy cores did not contribute to an improvement in cancer detection, six cores may be appropriate for cases with high PSA (> 20.01ng/ml). To improve the detection rate for patients with high PSA, another strategy, such as targeted biopsy under magnetic resonance imaging, should be adopted [15] .
In general, to obtain a specimen from the transitional zone under rigid endorectal guidance, the tip of the needle needs to be inserted toward the surgical margin of the peripheral zone near the transitional zone. In contrast, in our midline side biopsy, since the tip of needle should be started from the prostate capsule near the rectum, the majority of the specimen is from the peripheral area. However, in cases of benign prostatic hyperplasia, the tip of needle reaches the transition area and the incidence of contamination of the transition zone may increase due to the thin peripheral zone.
Even though the benefit of a transition zone biopsy is uncertain [6], our study might have been affected by the prevalence of contamination with the transition zone. To Soga/Yatabe/Ogura/Hayashi clarify whether the midline peripheral zone or transition zone contributed to an improvement of cancer detection, the specific cancer location should be estimated in the specimen, and the anterior direction marked with Indian ink.
The most important aim of our research is to increase the detection of significant cancer while minimizing the detection of clinically insignificant cancer (occult and indolent) [6] . In addition, a potential drawback to extended biopsies is the increased tendency of detecting insignificant prostate cancer [6] . Even though the definition of significant or insignificant cancer is clear, we must focus on the distribution of GS in only the additional cores, as it is a factor for clinical risk classification or screening candidates for clinical treatment. According to our data, the distribution of GS was not different between the sextant only group and the midline site only group, and, furthermore, the relevance of low GS cancer (GS = 6) was not significantly different between the sextant only group (51.0%) and the midline only group (65.6%). Thus our protocol with additional midline site biopsies may not improve the prevalence of cancer detection due to increased insignificant cancer with GS or candidates not suitable for clinical treatment. Although our study is limited due to its longitudinal and retrospective nature, our data strongly suggest that cancer detection can be improved following additional midline peripheral zone biopsies.
In conclusion, midline additional peripheral zone biopsy may be important for improving the accuracy of cancer detection in Japanese populations. In the future, prospective studies that focus on the benefit of midline peripheral zone biopsies should be performed in order to determine the optimal biopsy method available for our Japanese community.
